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[Name of Document] Specification 

[Title of the Invention] LINK MECPIANISM FOR DETERMINING 
POSITION AND DIRECTION 
[Claims] 

[Claim 1 ] A link mechanism to detemiine the position and direction, 
comprising: 

an axial rod; and 

two spherical bearings to support said axial rod, said two 
spherical bearings being capable of changing positions, 

wherein the motion of one of said two spherical bearings 
relative to said axial rod along the axis is constrained, and the other of said 
spherical bearings can travel along said axial rod. 

[Claim 2 ] A link mechanism to detemiine the position and the 
direction according to claun 1, wherein the position and direction of said 
axial rod are detemiined by defining the coordinate value of the one of 
said two spherical bearings and a position of the other of said two 
spherical bearings relative to the one of said two spherical bearings. 

[Claim 3 ] A link mechanism to determine the position and direction 
according to claim 1 or 2, wherein the link mechanism is a part of robot 
ami. 

[Detailed Description of the Invention] 
[0001] 
[Field of the Invention] 

Tlie present invention is a link mechanism to determine a 
position and direction in three dimensional space. Such a link 
mechanism is applicable to determine the position and direction of a 
surgical assist apparatus, an end effector of a robot (manipulator) or the 
like. 



[0002] 

[Description of tlie Prior Art] 

In MR/T (magnetic resonance and therapy), fusion or 
diagnosis and treatment, it is necessary that the presence and function of a 
medial equipment do not generate artifacts (such as noises and ghost) on 
the image. The mutual influence between a medical equipment and MRI 
is called MR compatibility. 
[0003] 

Surgical assist robots are promising to be used in MR/T. 
However, since robot mechanism generally uses many metal components 
such as steel components, electromagnetic motors, electric sensors and the 
like, it has been difficult to realize MR compatibihty. In particular, the 
end effector, which is used near at a patient, are required to have a very 
small magnetic susceptibility and low electrical noise radiation. It is 
therefore difficult to use a complicated mechanism, active mechanical 
elements such as motors, and various types of sensors. 
[0004] ' 

Under such restrictions, surgical assist robot for MR/T 
must realize a mechanism to determine at least the position (x y z) and 
angles 9 and ^ to define the direction in 3 dimensional space. It is also 
desired that the end effector is cleanable and sterilizable. The end 
effector is also required to be simple and compact so as not to intercept the 
view field and the work area of the surgeon. In addition, the output 
power of actuator should be as small as possible to maintain safety. 
[0005] 

There are many conventional mechanisms to define the 
position (x y z) and angles 0 and (j). A typical example of such 
mechanisms is ami type robot. The ami type robot uses a number of ami 
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liiiks interconnected by joints. 
[0006] 

[the Problem to be solved by tlie Invention] 

The arm type robot usually has actuators at the joints 
otherwise it employs wire mechanism, shaft, and so on to transmit the 
driving power. The actuator is difficult to maintain MR compatibility, 
and cannot maintain cleaning and sterilization unless a water-proof 
process is performed strictly. Since the transmission mechanism is 
composed from many parts and mechanically complicated, the power loss 
can be significant, 
[0007] 

A parallel link mechanism, typically a hexa pod type robot, 
can be designed to place actuators remotely from the end effector. 
However, since links concentrate near at the end effector, the mechanical 
structure is complicated. 
[0008] 

By designing the end effector being long, it may be MR 
compatible, cleanable and sterilizable. 

In this case, however, its precision is degraded and stronger 
actuators are required. Such end effector can be complicated and bulky, 
and consequently intercept the view field of the surgeons. 
[0009] 

Under such circumstances, the link mechanism to 
detemiine the position and angles have long been desired, which 
mechanism has a high precision of position and angle determination, does 
not require strong actuators, and is mechanically simple and easy to MR 
compatibility, cleaning and sterilization. 
[0010] - 
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The invention has been made under such circumstances. 
The object of the present invention is to reahze a hnk mechanism for 
determining the position and angles, which mechanism has a high 
precision of position and angle determination, does not require strong 
actuators, and is mechanically simple and easy to MR compatibility, 
cleaning and sterilization, and in which an end effector does not intercept 
the field of view of tlie surgeon. 
[0011] 

[the Means of solution to the Problem] 

To achieve the above object, the invented link mechanism 
has the following features: an axial rod; and two spherical bearings to 
support the axial rod, the two spherical bearings being capable of changing 
positions, wherein the motion of one of the two spherical bearings relative 
to the axial rod along the axis is constrained, and the another speherical 
bearings can travel along the axial rod R. 
[0012] 

[Preferred Embodiments of tlie Invention] 

An embodiment of the invention will be described with 
reference to the accompanying drawings. 
[0013] 

In Fig. 1 , reference numeral 1 1 generally represents a end 
effector. A link mechanism of the invention is assembled in this robot 
end effector 1 1 . The end effector 1 1 has a pair of elongated arms 12 and 
13. This pair of arms 12 and 13 cooperatively maneuver to work a 
subject. The base portion 14 of the ami 12 is fixed to the outer wheel 3 
or the inner wheel 2 of the spherical bearing Pi of tlie link mechanism 1 of 
this invention to be described later, whereas tlie base portion 15 of tlie 
other ami 1 3 is fixed to the outer wheel 3 or the inner wheel 2 of the 
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spherical bearing P2. 
[0014] 

As shown in Figures. 1, 2 and 3, the link mechanism 1 of 
this invention is composed of two spherical bearings Pi and P2 and an 
axial rod R which is a rigid element interconnecting the spherical bearings 
Pi and P2. 

[0015] 

The spherical bearing Pi travels in three dimensional space 
(or in a partial space thereof), whereas the position of the spherical bearing 
P2 is costrained in three dimensional space or two-dimensional plane (or in 
a partial space or plane thereof) relative to the spherical bearing Pi . 
[0016] 

Each of the spherical bearings Pi and P2 is composed of the 
inner wheel 2 and the outer wheel 3. The inner and outer wheels 2 and 3 
share the common centroid so that tliey relatively rotate around this point. 

It is common specification of widely available spherical bearings. The 
axial rod R is fixed to the imier wheel 2 or outer wheel 3 of the spherical 
bearing Pi which wheel is not fixed to the ami 12. The axial rod R is 
fixed neither to the inner wheel 2 nor to the outer wheel 3 of the spherical 
bearing P2. The spherical bearing P2 can therefore slide along the axial 
rod R as P2 moves. 
[0017] 

This link mechanism 1 can be made of only passive 
mechanical elements. Although sensors are not essential to detemiine 
the position and angles, such sensors may be used. 
[0018] 

The spherical bearings Pi and P2 are driven by drivers (not 
shown). Such drivers and a method of determining the positions of the 
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spherical bearings Pi and P2 may be any desired drivers and method. 
[0019] 

The determination of the position and direction of the axial 
rod R of the link mechanism 1 constructed as above is as the following. 
[0020] 

The representative three-dimensional coordinate (x y z) of 
the whole link mechanism 1 is defined by the position of the spherical 
bearing Pi, and at the same time, the direction (angles 9 and ({)) of the axial 
rod R is detemiined from a motion of the spherical bearing P2 relative to 
the spherical bearing Pi . 
[0021] 

As the spherical bearing P2 is driven, it has a relative 
displacement along of the axial rod R. To allow this displacement, it is 
necessary that tlae spherical bearing P2 can slide along the axial rod R. 
[0022] 

Figure 4 is a diagram showing relation of the spherical 
bearings Pi, and P2 and the axial rod R in terms of their position and 
direction. The angles (j) and 9 of the polar coordinate system satisfy tlie 
following equations: 
[0023] 
[ equation 1 ] 

x' = r cos (J) sin 9 
y' = r sin (j) sin 9 

z' = r cos 9 (equation 1) 

where x', y,' z', r are as the following. 
[0024] 
[ equation 2 ] 


y' = y2 - yi 

Z' = Z2 - Zi 

r^ = x'^+y'^ + z'^ 

There is a requirement that the length of the axial rod R should meet, 
that is; 

[0025] 
[equation 3] 

(The length of the axial rod R) ^ (tlie maximum length of 

r) 

In practice, the width of the spherical bearings Pi and P2 along the axial 
direction is additionally required. If r becomes longer than the length of 
the axial rod R, the spherical bearing P2 is dismounted from the axial rod 
R. 

[0026] 
[Effect of the Invention] 

The link mechanism of this invention can be composed 
from substantially only two spherical bearings and one axial rod. These 
components can be made of paramagnetic material having small magnetic 
susceptibility, such as ceramics, glass fiber reinforced material, carbon 
fiber reinforced material, wood, and non-ferrous metal. Active 
mechanical elements and sensors are not essential. This link mechanism 
can be excellent in MR compatibility, detachable, cleanable and 
sterilizable. 

[0027] 

[Brief Description of the Drawings] 

Figure 1 is a perspective view of an imprementation of an 
end effector of a robot, a link mechanism based on this invention. 


Figure 2 is a front view of the link mechanism of the 

embodiment. 

Figure 3 is a diagram illustrating the motion of spherical 

bearings. 

Figure 4 is a diagram showing a relation among the 
positions and directions of spherical bearings Pi and P2 and an axial rod R. 
[Explanation of the Reference Numerals] 

1 Link Mechanism 

2 Imier Wheel 

3 Outer Wheel 

1 1 End Effector 

12 Arm 

13 Arm 

14 Base Portion 

15 Base Portion 
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[Name of Document] Abstract of the Disclosure 
[Abstract] 

[PROBLEM TO BE SOLVED] 

A link mechanism to determine the position and the 
direction is provided which mechanism has a high precision of position 
and direction determination, does not requires strong actuators, is 
mechanically simple easy to maintain MR compatibility, cleanable and 
sterilizable. 

[SOLUTION] 

The link mechanism has: an axial rod; and two spherical bearings to 
support the axial rod, the two spherical bearings being capable of changing 
positions, wherein the motion of one of the two spherical bearings relative 
to the axial rod along the axis is constrained, and the other of the spherical 
bearings can travel along the axial rod. 
[Elected drawing] Figure 1 


Patent Application 2000-004945 


Recognized and Additional Information 


Application Number 
Receipt Number 
Title of Document 
Recording Officer 
Recording Date 


JP2000-004945 
50000025191 
Application For Patent 
TETSUJI KITAGAWA 1804 
4 April, 2000 


< Recognized Information, 
[Filing Date] 
[Applicant for Patent] 
[Identification No. ] 
[Domicile(residence) ] 
[Name] 

[Applicant for Patent] 
[Identificatioii No. ] 
[Domicile(residence) 1 


[Name] 
[Designated Agent] 
[Identification No. ] 
[Domicile(residence) ] 
[Name] 


Additional Information > 
13 January, 2000 

000001144 

3-1, Kasumigaseki 1-Chome, Chiyoda-ku, Tokyo 
SECRETARY OF AGENCY OF INDUSTRIAL SCIENCE 
AND TECHNOLOGY 

500021907 

C/O MECHANICAL ENGINEERING LABORATORY OF 
AGENCY OF INDUSTRIAL SCIENCE AND 
TECHNOLOGY, 1-2, Namiki, Tsuliuba-shi, Ibaraki-Ken 
KIYOYUia CHINZEI 
Applicant 
220000301 

1-2, Namiki, Tsukuba-shi, Ibaraki-Ken 
Director-General of MECHANICAL ENGINEERING 
LABORATORY OF AGENCY OF INDUSTRIAL 
SCIENCE AND TECHNOLOGY 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


[Document Name] 
[Address To ] 
[Description of Case] 

[Application Number] 
[Successor] 

[Identification No.] 

[Domicile(residence) ] 

[Name] 


[Inquiry] 


Notification of Change in Applicant (general succession) 
The Commissioner of the Patent Office 

JP2000-4945 

301000011 

3-1, Kasumigaseki 1-Chome, Chiyoda-ku, Tokyo 
Kazumasa Kusaka, 

Director-General of Agency of Industrial Science and 
Technology Ministry of Economy, Trade and Industry 
Division's Name Patent Administration Division, 

Tsukuba Research Administration 
Office, Agency of Industrial Science 
and Technology Ministry of 
Economy Trade and Industry 
the Person in Charge Makoto Kusumoto 
Phone 0298-61-2179 


[List of documents Filed] 

[name of documents] Document certifying successor in title 
[description for claim] JP3-28561 
[request for proof] yes 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


Recognized and Additional Information 


Application Number 
Receipt Number 
Title of Document 
Recording Officer - 
Recording Date 


JP2000-004945 
50100030087 

Notification of Change in Applicant (general succession) 
TETSUJI KITAGAWA 1804 
9 February, 2001 


< Recognized Information Additional Information > 


[Filing Date] 

[Successor] 

[Identification No. ] 
[Domicile (residence) ] 
[Name] 


11 January, 2001 

Applicant 

301000011 

3-1, Kasumigaseki 1-Chome, Chiyoda-ku, Tokyo 
Director-General of Agency of Industrial Science and 
Technology Ministry of Economy, Ti'ade and Industry 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


[Document Name] 
[Address To ] 
[Description of Case] 

[Application Number] 
[Successor] 

[Identification No.] 

[Domicile(residence) ] 

[Name] 

[ representative ] 
[Inquiry] 


[request for proof] 


Notification of Change in Applicant (general succession) 
The Commissioner of the Patent Office 

JP2000-4945 

301021533 

3-1, Kasumigaseki 1-Chome, Chiyoda'ku, Tokyo 
National Institute of Advanced Industrial Science and 
Technology 
Hiroyuki Yoshikawa 

Division's Name Intellectual Property 

Administrative Section, 
Intellectual Property Division, 
National Institute of Advanced 
Industrial Science and Technology 

the Person in Charge Makoto Kusumoto 

Phone 0298-61-3281 

yes 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


Recognized and Additional Information 


Application Number 
Receipt Number 
Title of Document 
Recording Officer 
Recording Date 


JP2000-004945 
50100841812 

Notification of Change in Applicant (general succession) 
ITSUKO MATSUDA 890 1 
2 November, 2001 


< Recognized Information, Additional Information > 
[Filing Date] 11 June, 2001 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


Information of Historical Record of Applicant 


Identification No. [000001144] 

l.Date of Changing September 20, 1990 
[Reason of Changing] New Record 

Domicile 3-1, Kasumigaseki 1-Chome, Chiyoda-ku, Tokyo 
Name SECRETARY OF AGENCY OF INDUSTRIAL SCIENCE 

AND TECHNOLOGY 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


Information of Historical Record of Applicant 

Identification No. [50002 1907] 

1. Date of Changing January 13, 2000 
[Reason of Changing] New Record 

Domicile C/O MECHANICAL ENGINEERING LABORATORY OF 
AGENCY OF INDUSTRIAL SCIENCE AND 
TECHNOLOGY, 1*2, Namiki, Tsukuba-shi, Ibaraki-Ken 
Name Kiyoyuki Chinzei 

2. Date of Changing December 11, 2001 
[Reason of Changing] Change of Domicile 

Domicile 4-8-3 Ninomiya, Tsukuba-shi, Ibaraki-Ken 
Name Kiyoyuki Chinzei 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


Information of Historical Record of Applicant 

Identification No. [301000011] 
1. Date of Changing January 4, 2001 
[Reason of Changing] New Record 

Domicile 3-1, Kasumigaseki 1-Chome, Chiyoda-ku, Tokyo 
Name Director- General of Agency of Industrial Science and 
Teclmology, Ministry of Economy, Trade and Industry 


Certificate No. 2003-3049705 


Patent Application 2000-004945 


Information of Historical Record of Applicant 


Identification No. [30 102 1533] 

1. Date of Changing April 2, 200 1 
[Reason of Changing] New Record 

Domicile 3-1, Kasumigaseki 1-Chome, Chiyoda-ku, Tokyo 
Name National Institute of Advanced Industrial Science and 
Technology 


Certificate No. 2003*3049705 


g m ^ n Jr 

JAPAN PATENT OFFICE 


This is to certify that the annexed is a true copy of the following application as filed 
with this Office 

m m ^ M ^ 

Date of AppUcation: 2000^ 1^^130 

m m m ^ 

AppUcation Number: 2000-0 0494 5 

[ ST.IO/C ]: [J P 2000-004945] 

m m A 

AppUcant(s): ^Aii^f jgCSSA^H^^B^-^W^m 



miiE## miE# 2003-3049705 


#2000-00494 5 


102F2159 
m^nm^m] B25J 3/00 

i!^^] mm 

CliM##] 000001144 

[^^fJS-t] 220000301 
.[^©f£] m&.^<Dt^X<D^<DW^<DWi'^ 5 0/10 0 

im^^] mmm 1 
im^^] mm 1 

mmm 1 


ffill^t 2003-3049705 


4^2000 — 004 '9 4 5 

imm^] mmm 

ifr, ffi:^<D^®$fi^P2i:t5fa$a#Ri:<Z)MS2:^^$l!i:&l6l(Z)^B^^fe$:.ff^t- 
^ J: e) tC L :i i: il ^ ^« ^ [61 5: M« -r ^ U > ^ a« 

[|t^:5 2 ] fft#R iilirfaift#R $:^^LT V^§^M^T^(D 2 
Pj. F^ii^mL. 

it-r, ffi:^(DMIfi^P2^trffBW#Ri:(DBtftH;g#llfi:&lRl®+I*f^fe5:f^^t- 
■5 J: -^ iC^PjsKL, 

«fffB-:& ® TOWS P 1 ® J^^ i: 

iff fB$l&# R i: ^ M ^ -5 r ^ ^ #^ ^ -r ^ If 1 fa« (Z) i: :^ fRj 

[0 0 0 1] 
[0 0 0 2] 

[«e5i5co^^] 

MR I li^^^#$:^TV^:^J()^^^mX«?^i^^?^^^?■^>MR/T-e^i, §§^CD# 


ffi|iE# 2003-3049705 


#2000 — 004 9 4 5 


[0 0 0 3] 
[0 0 0 4] 

#^^Mn:J<^y hiircDMifi^JTtc, -Gig (xyz) t.:^\^^mm-t^nmd , 

[0 0 0 5] 

t^^jf^K^T'*;, M (x, y, z) C0, <^) ^m-t^mmit^m^^ 

[0 0 0 6] 

mmitr^^=LX.~^^m^^t^^MRMiz-^<DmwtimL<. ^r^^yi^mm^ 

[0 0 0 7] 


ffiiiE^ 2003-3049705 


4^2000 — 004 9 4 5" 


[0 0 0 8] 
[0 0 0 9] 
[0 0 10] 

mmx. MRMmn. m^^. mm^o)mwiD^mM>x&v. tf^r:>m^ii§t)mmo) 

[0011] 

mm ^mm-t^rc ^(D^m 

[0 0 12] 

&.yz.(Dmn(Dnm^-mmm^^-tmmz'D\<^xwLm-t^. 

[0013] 

2, 1 3 $:^-r-g)„ -M<^r-Ai2, 1 3\tw>m\^xnMm\zi^\^xi'^m^^ 


3 


ffiiE# 2003-3049705 


#2000 — 004 9 4 5' 


[0014] 
[0 0 15] 
[0 0 16] 

^4x^n^®M^Pp PgliP^^s i:^|fe3*^^^^;, t^^2 i:^^3 lil.^, 

®ffl^P^CDT-A 1 2:^)^@^L■rv^;^v^:&(Df*^^2 ^^lj:^^3 t.mWRitm 

IC o T m -5 r ^ nl |g ^ t- S . 
[0 0 17] 

[0 0 18] 

iiraS^t>'M^®lfi^ P 1. P2®^«$:^«?>'2>:&^i:bTlift^®%j(Z)^^M-r 

[0019] 

4?) (7) « <s>: (7) ii y -e -5 o 

[0 0 2 0] 

^s$i6^ p 1 Lxmmm^ p i<7)^a{c j: u , u > ^ mm i ^#:(7)f^^ 

6^H<S^5t;M^ (xyz) $:SEbU> *^o|lI^{COT$l!(^P2^«L'T^®W^P2 


miiE# 2003-3049705 


#2000 — 004 9 4 5' 


o 

[0 0 2 1 ] 
[0 0 2 2] 
[0 0 2 3] 

mi] 

x'=rcos<;)sin0 
y'=r sin <P sin 9 
z ' = r cos 0 1 ) 

^lcfi(Dx', y', z', r mX(Dm^) 
[0 0 2 4] 

X = Xg— 

y ' =y2-yi 

z — z 2~ z 

r2=x ' 2+ y ' 2+ 2 ' 2 

[0 0 2 5] 

[iS[3] 

[0 0 2 6] 


aj|iE# 2003 -3049705 


i^Z 000 — 004945 


[0 0 2 7] 

[01] 

[02] 
[03] 
[04] 


1 



2 



3 



1 

1 


1 

2 


1 

3 


1 

4 


1 

5 



£BiI# 2003-3049705 


#2000-004945 



ffiiE#2 0 0 3 - 


3 0 4 9 7 0 5 


4t2000-004'9 4 5 


[0 2] 



ffi|E4t 2003-3049705 


#2000 — 004 9 4 5 


[EI3] 



2003-3049705 


#2000—004 9 4 5 


[04] 



PI = (x. , , ) 


mi£E#2 003-3049705 


#2000-004 9 4 5' 


mm] 
mm] 

VM^m] mi 


2003-3049705 


#200. 0 — 004 9 45 


#M 2000-004945 
50000025191 

18 0 4 

12^ 4 H 40 


i&:^Xit^m] 


000001144 

M:^.m^-f^m^nt>'^m i r b 3 # i # 

500021907 
220000301 

m^m-D < ItWtk:^ 1 T B 2 


ailiE# 2003-3049705 


#2000—00494 5 
#02000- 4945 

[mmn] 301000011 

mmm- m 0298-6 

1-2179 

immcDmrn 3 ^mm^rn^ 2 s 5 e 1 # 


miiE# 2003-3049705 


#2000 — 00494 5^ 


mM 2000-004945 
501000 3. 0087 

m^^k 18 0 4 

3^ 2M 9 H 


mmA] 


301000011 

M^^m=fi^mmmti'^m i r g s # i # 


1 


miE# 2003-3049705 


#2000—00494 5 

4^02000- 4945 
[MM^^] 301021533 

ftfS## 0298-61-3281 


ffisiE4f 2003-3049705 


#2000—004945 


#0 2000-0 0 494 5 
50100841812 

8 9 0 1 

13^11^ 2 H 


1 


ffilE4t 2003-3049705 


#2000-00494 5 


m 0 A a M « 


C000001144] 
1. m^^nB 1 9 9 0^ 9.^200 


ffisiE^f 2003-304970 5 


#2 000 — 004945 


m m A 


[500021907] 

1. ^M^^H 2000^ 

&: ^ mm m^i 

2. m^^MB 2001^12^110 

^ m ^^mo<lir^r.®'g4 - 8 - 3 


2 


ffiiiE# 2003-3049705 


^ #2000 — 004 9 4 5^ 


m M A 


[301000011] 
1. ^m^MB 2 0 0 1^ in 4H 

^ m ^^|flS^f^HKtt;^)^MlTS3#l# 


ffiliE^ 2003-3049705 


#2000—0049 4 5 


A 


m m 


[301021533] 


1. M^^BB 


2001^ 4B 2B 

^:^.wi=f-i^mmmt>m i - s - 1 


"4 


ffi$E# 2003-3049705 


